We have extended an earlier study of cycloadditions of 2H-azirines to isobenzofurans. The endo and exo products were obtained and were reacted with oxygen nucleophiles. Tetrahydroquinolines or benzofuranols were obtained, usually in excellent yields. Cycloaddition of the less electrophilic azirine (14) was performed at room temperature in the presence of ZnCl 2 . The cycloadduct was hydrolysed in the reaction conditions, but dehydration to give back the original cycloadduct was obtained in the presence of 4Å molecular sieves. The structure assigned in the literature to the product of hydrolysis of the cycloadduct 10 was rectified.
INTRODUCTION
We studied earlier the reaction of alkyl 2H-azirine-3-carboxylates with furan and furan derivatives. 1 Methyl (2,6-dichlorophenyl)-2H-azirine-3-carboxylate reacts with furan forming the exo cycloadduct (1) quantitatively and so does the benzyl 2H-azirine-3-carboxylate giving the cycloadduct (3) . Hydrolysis product obtained from 1 gives a single adduct 2 (scheme 1). In contrast, a much more complex reactivity is shown in hydrolysis of adduct 3, giving four products: the cis (4) and trans (5) 1,3-dihydrofurans and cis (6) and trans (7) azabicycloheptenediols (scheme 2). 1 Hassner and Anderson 2 reported that several adducts could be obtained with total stereo-control from cycloadducts of 1,3-diphenylisobenzofuran with alkyl and aryl 2H-azirines depending on the hydrolysis conditions. Scheme 3 shows conditions for exclusive formation of the cis (8) or trans (9) tetrahydroisoquinolines, according to the authors. As either the oxygen bridge or the C-N bond are prone to break in these reactions we decided to take a further look at the reactivity of cycloadducts of 2H-azirines with 1,3-diphenylisobenzofuran and isobenzofuran. To broaden the interest of such reactions we tried a less reactive 2H-azirine, the ethyl 2H-azirine-2 
RESULTS AND DISCUSSION

Cycloadditions of 2H-azirines to 1,3-diphenylisobenzofuran and isobenzofuran
The only literature on cycloadditions of azirines to 1,3-diphenylisobenzofuran are reports in the early seventies by Nair 5 and Hassner and Anderson. 2 Recently, we have reacted methyl 2-(2,6-dichlorophenyl)-2H-azirine-3-carboxylate 11 with 1,3-diphenylisobenzofuran. The endo kinetic product (12a) was obtained if strict reaction conditions were observed. If the reaction temperature was allowed to rise to refluxing THF the exo thermodynamic product (13a) was formed exclusively. A pure specimen of the endo adduct could be fully converted into the exo isomer by refuxing it in THF and also a slow conversion could be observed by 1 H NMR at room temperature. It is likely that the endo product suffers a retro Diels-Alder giving back the reagents that will equilibrate to the thermodynamically more stable exo adduct. This suggestion was first made by Nair in his work on cycloadditions of azirines to 1,3-diphenylisobenzofuran. 5 The cycloaddition of azirine 11 with isobenzofuran occurs at room temperature and is complete after 16 h. A mixture of the endo and the exo products was formed [1.3 (exo):1 (endo) ratio]. Curiously reflux of the endo/exo mixture of adducts 12b and 13b gave a mixture of exo adduct 13b
and the hydrolysis product of the endo adduct 12b, compound 22. Reflux of a clean sample of the endo adduct in dry ether showed exclusive formation of compound 22. This result shows the greater sensitivity of the endo cycloadduct to hydrolysis than that of the exo cycloadduct. The same product 22 was obtained by treatment of a solution of 12b in DCM with silica. The main difference between the endo and exo cycloadducts in their 1 H NMR spectra is the chemical shift of the aziridine proton. This is at 2.42 ppm lower field in the exo adduct than in the endo product. This effect can be explained by opposite effects in both compounds: the influence of the bridge oxygen on the aziridine proton that lies close to it in the exo adduct structure, shifting the aziridine proton to lower field ( H = 4.15 ppm), and to the aromatic ring at the back of the endo structure, that shifts the aziridine proton to higher field ( H = 1.86 ppm), (see structures 12 and 13 in scheme 4) Cycloaddition reactions of less electrophilic azirine 14 to 1,3-diphenylisobenzofuran were attempted both in refluxing toluene and in presence of ZnCl 2 at room temperature. In the first case the cycloadduct 15 was obtained after 22 h (Figure 1 ). In the presence of the Lewis acid catalyst the reaction occurs at rt in 1.5 days but the cycloadduct suffers hydrolysis, compound 25 being isolated in 67 % yield after flash chromatography. Lewis acid catalysis was employed recently by Somfai et al. 6 in cycloadditions of 2H-azirines to several dienes, but this is the first case where such catalysis was used in a reaction of 2H-azirine with a furan. The extreme sensitivity to acid of the aminal function in the cycloadduct promotes the hydrolysis process. Even so, as described below, the reaction can be turned to advantage from a synthetic point of view.
The reaction of 2-tert-butyl 2H-azirine with 1,3-diphenylisobenzofuran described by Hassner and Anderson was repeated with the aim of re-examining the structure proposed for the methanolysis product of the cycloadduct 10. All the analytical data for cycloadduct 10 is coincident with the literature results.
Reaction of the cycloadducts with oxygen nucleophiles
Furanol 16 was obtained before by treatment of the exo cycloadduct 13a with silica in DCM. 1 We now treated a solution of the endo adduct 12a with silica and observed the formation of the furanol 17 in 94%
yield as a single isomer ( Figure 2 ). The stereochemistry at 3-C is unkown. When 12a was treated with methanol for 24 h at room temperature a 1:1 mixture of the cis isomer 18 and trans isomer 19 was obtained. The mixture could not be separated by chromatography: the same ratio of isomers was obtained in each one of the column fractions. Compound 25 is the hydrolysis product obtained directly from the mixture derived from the cycloaddition of the azirine 14 to 1,3-diphenylisobenzofuran in the presence of ZnCl 2 . An X-ray determination has
shown the structure to be the cis furanol ( Figure 6 ). The cycloadduct 10 first obtained by Hassner and Anderson was treated with methanol under the conditions referred in their publication. 2 A solid was formed that was shown to be the furanol structure 27
and not a tetrahydroisoquinoline 28, as was stated before (Figure 7) . The main difference between the two structures in the 1 H NMR would be the coupling between the NH and the adjacent CH in the aziridine moiety that is typical of the furanol compounds, and the coupling between 1-H and 3-H to the respective geminal OH, expected for the tetrahydroisoquinoline compounds.
The methanol adduct of cycloadduct 10, compound 27 showed a broad doublet of doublets at H 2.60 (J = 6.6 and 2.7 Hz), a doublet at H 2.40 (J = 9.3 Hz) and a broad triplet at H 1.56 (J = 7. The NH signal appeared as a broad triplet with a coupling constant of 7.8 Hz. This lies between the values of 9.3 and 6.6 Hz that are observed for the coupling constants of the two CH with its vicinal NH.
That value as well as the broad triplet signal can be interpreted as a non resolved doublet of doublets. The confirmation of the furanol structure and the stereochemistry was obtained by an X-ray crystal structure determination ( Figure 8 ). In conclusion, tetrahyroquinolines were obtained with excellent yields either from the endo or the exo cycloadduct of the methyl 2-(2,6-dichlorophenyl)-2H-azirine-3-carboxylate with isobenzofuran as single isomers. Also benzofuranols were obtained in one case as a mixture of isomers. 1,3-Diphenylisobenzofuran adducts always gave benzofuranols as the hydrolysis or methanolysis products.
Reaction of a less electrophilic azirine, the ethyl 2H-azirine-2-carboxylate with 1,3-diphenylisobenzofuran was made possible at room temperature in the presence of ZnCl 2 . The hydrolysis reaction that followed the cycloaddition in the acidic conditions used could be reversed to give back the original cycloadduct. Cycloadduct of the tert-butyl 2H-azirine to 1,3-isobenzofuran was reacted with methanol in the conditions reported in literature 2 and the structure of methanol adduct rectified. Reaction of the same cycloadduct with LiAlH 4 gave the tetrahydroquinoline reported earlier. i) The azirine 14 (0.79 g, 6.21 mmol) was dissolved in dry toluene (50 mL) and 1,3-diphenylisobenzofuran (0.7 eq., 1.17 g, 4.35 mmol) added. The mixture was refluxed for 22 h. The solvent was removed leaving a yellow oil that was subjected to dry flash chromatography [silica; pet.
ether/ether; polarity gradient]. The first fraction was the starting 1,3-diphenylisobenzofuran (0.1 g, 0.37 mmol) and the second fraction gave the product 15 obtained as an oil (1.27 g, 3.12 mmol, 73.5 %).
Crystalization of the oil from pet. ether/ether gave a pale yellow solid, m.p. 139-141 ºC. 1 ii) Compound 25 (0.51 g, 1.23 mmol) was dissolved in dry toluene (50 ml) and 4Å molecular sieves were added to the solution. The solution was refluxed for 16 h. The molecular sieves were filtered off and the solvent was removed under reduce pressure to give an oil, that proved to be mainly the desired product.
Crystallization from diethyl ether/pet. ether gave a pale yellow solid, compound 15 (0.28 g, 0.67 mmol, 55%).
Methyl 3-(2,6-Dichlorophenyl)-2-(1,3-diphenyl-3-hydroxy-1,3-dihydroisobenzofuran-1-yl)aziridine-
2-carboxylate 17
Silica gel (particle size <0.063 mm) (1.0 g) was added to a solution of compound 12a (0.36 g, 0.70 mmol) The adduct 12b (0.15 g, 0.41 mmol) was dissolved in dichloromethane (15 mL) and silica gel (particle size <0.063 mm) (ca. The azirine 14 (0.5 g, 3.9 mmol) was dissolved in dry toluene (50 mL) and it was added 1,3-diphenylisobenzofuran (0.95 g, 3.5 mmol, 0.9 eq.) and zinc chloride (10 mg). Butyl)-2-(1,3-diphenyl-3-methoxy-1,3-dihydroisobenzofuran-1-yl) 
